There is abundant evidence to indicate that the homeobox genes are developmentally important. We used the NCBI dbEST databases of early mouse embryos to identify novel homeobox-containing sequence tags. Ohx (oocyte-specific homeobox gene) was one of several genes identified by in silico cloning. The full-length Ohx cDNA was cloned and its genomic organization was characterized. The Ohx gene spans 1.6 kb, encodes three exons and maps to the proximal region of mouse chromosome 7. Reverse transcriptase polymerase chain reaction analyses show that Ohx is preferentially expressed in one-and two-cell embryonic stages, as well as in the ovary. Whole mount in situ hybridization analysis demonstrates that the Ohx mRNA was exclusively localized to the oocytes of the mature ovary. Ohx is one of the few homeobox-encoding genes preferentially expressed during mammalian oogenesis. q
Results and discussion
Oocytes are the only unique cells that can give rise to whole organisms. Recently, expression sequence tag (EST) databases have been exploited in retrieving oocytespecific transcripts (Rajkovic et al., 2001 ) as well as preimplantation stage ESTs (Ko et al., 2000) . To identify novel homeobox-containing genes involved in early embryonic development, we screened the NCBI dbEST databases (http://www.ncbi.nlm.nih.gov). One EST clone (GeneBank accession number AA414911) that was identified from mouse two-cell embryo cDNA libraries was absent in other adult cDNA libraries. The 441-base pair (bp) cDNA fragment contains a unique homeodomain and exhibited ovary-specific expression; we thus named this gene Ohx (oocyte-specific homeobox). Ohx mRNA is 1.1 kb in size as identified by Northern blot analysis (data not shown). The sequence of the 1008-bp insert of an Ohx cDNA clone (Accession number AY094981) and the putative 335 amino acid open reading frame is presented in Fig. 1 . An Ohx-containing genomic clone was partially sub-cloned and sequenced (Accession number AY094980). Comparison of the Ohx genomic and cDNA sequences indicated that the Ohx gene has three exons. The 60 amino acid homeodomain contains the conserved seven amino acids present in the vast majority of homeodomains (De Robertis, 1994) .
The chromosome localization of Ohx was determined by fluorescence in situ hybridization (FISH) with a BAC clone encompassing the Ohx cDNA sequence. The gene is located at a position immediately adjacent to the heterochromaticeuchromatic boundary of chromosome 7, an area that corresponds to band 7A3 (Fig. 2) . A total of 80 metaphase cells were analyzed, with 72 exhibiting specific labeling.
The expression pattern of Ohx during early development was confirmed by RT-PCR analysis. RNA from preimplantation mouse embryos, including eggs, two-cell-stage embryos, morulas, and blastocysts, was extracted. The results show that Ohx is expressed most predominantly in eggs and two-cell-stage embryos with its expression reduced at the morula stage (Fig. 3A) . The tissue expression pattern of Ohx was also examined by RT-PCR using total RNA from multiple adult tissues. Ohx was found to be specifically expressed in the ovaries of adult mice (Fig. 3B) . Furthermore, Ohx expression was only detected in the ovaries of mature (6 week old), but not immature (10 day old) mice. Taken together, these findings indicate that Ohx is expressed in mature mouse ovaries during follicular development.
We further characterized the gene expression profiles of Ohx in the ovary of 8 week-old mice by whole-mount in situ hybridization. Antisense probes hybridized specifically to oocytes in the ovary (Fig. 4) . Since the development of a single follicle is under the control of hormones stimulating follicular maturation, ovulation and luteogenesis, we treated immature females with PMS and hCG. Weak signals were detected in the follicles of the untreated ovaries of 4-week-old mice (Fig. 5A, B ) and in 4-week-old mice immediately post-hCG injection (Fig. 5C, D) . However, the hybridization signals were clearly detected in oocytes 9 h post-hCG (Fig. 5E, F) . These results indicate that Ohx is predominantly expressed in oocytes of the mature ovary and may be under the regulation of a luteinizing hormone (LH) surge.
Experimental procedures

In silico identification of EST clones
We performed in silico 'subtraction' of homeobox genes of two-cell stage ESTs against the entire collection of ESTs. We identified six homeobox-containing ESTs that were specifically present in the two-cell stage embryo library. The tissue specificity of five selected ESTs were determined by reverse transcriptase polymerase chain reaction (RT-PCR) and two of these ESTs were confirmed as being preferentially expressed in early embryo development.
RNA extraction and RT-PCR
Total RNA was extracted from brain, heart, kidney, liver, lung, skeletal muscle, ovary, spleen testis, and uterus (from 8-week-old mice) using Trizol (Life Technologies) according to manufacturer's instructions. Total RNA from preimplantation embryos was isolated as described previously (Shim et al., 1997) . These total RNAs were reverse transcribed to cDNA using SuperScript II (Life Technologies). We amplified cDNA by PCR with Ohx-specific primers: Ohx1: 5 0 -TGTGGAGCTGGCACTATCAGTTG-3 0 and Ohx2: 5 0 -TGAATTGTGAGCATCCTCTGGGGC-3 0 . The PCR products were sub-cloned into pGemT Easy vector (Promega) and verified by sequencing.
Isolation of bac clone and fish
An Ohx cDNA fragment was used as a probe to screen a mouse BAC library (Genome System). Three positive clones were isolated, one of which was used as a probe in fluorescence in situ hybridization (FISH) for the chromosomal localization of Ohx. FISH was performed using a previously published procedure (Shi et al., 1997; Hsu et al., 2001 ).
Whole mount in situ hybridization
Ovaries from 4-and 8-week old mice, treated with or without pregnant mare's serum (PMS, Sigma) and human chorionic gonadotropin (hCG, Sigma), were collected for whole-mount in situ hybridization. After washing with phosphate buffered saline (PBS), ovaries were fixed in 4% paraformaldehyde in PBS. The Ohx cDNA fragment was PCR amplified with primer Ohx1 and Ohx2 and sub-cloned into pGem-T Easy (Promega). Plasmids with forward or reverse inserts were selected. Sense and antisense riboprobes were prepared by in vitro transcription using Sp6 RNA polymerase with digoxigenin-UTP (Boehringer Mannheim). Whole mount in situ hybridization of ovaries was performed as previously described (Nieto et al., 1992) .
Genomic library screening
Probes prepared from the cDNA insert of the EST clone AA414911 were radio-labeled and used to screen a mouse 129SvJ genomic library (Stratagene). The MacVector program (Kodak) was used for both DNA and amino acid sequence analyses. Rajkovic et al. (2002) have submitted a series of OBX genes into GenBank. OBX3 is equivalent to Ohx. We note Fig. 3 . RT-PCR analyses of Ohx expression in different adult tissues and at embryonic and ovary developmental stages. (A) Expression of Ohx in preimplantation embryos. Total RNA from 100 each of eggs (E), two-cell (2) embryos, morulas (M), and blastocysts (B) was reverse transcribed using polydT (12) (13) (14) (15) (16) (17) (18) primers and amplified by PCR with primers specific for Ohx. (1), in the presence of total RNA; (2), water used only in the reaction. (B) Expression of Ohx in adult tissues by RT-PCR analysis shows that Ohx is specifically expressed in the adult ovary. Lanes: B, brain; H, heart; K, kidney; Li, liver; Lu, lung; M, skeletal muscle; O, ovary; S, spleen; T, testis; and U, uterus. (C) Expression of Ohx at different stages of ovarian development. Ohx transcript persists in ovary of 6-week old of mice. Lanes: CHOP, Chinese hamster CHOP cells; 10d, ovaries from 10-day-old mice; 6wk, ovaries form 6-week-old mice. Beta-actin and GADPH amplification shown in the bottom panel were used as controls to assess the quality of the RNA preparation.
Note added in proof
that there are a few nucleotide differences in the coding region of the cDNAs of OBX3 and Ohx. 
